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FIELD OF THE INVENTION 
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viewing angle as shown in FIG. 2C. FIG. 2C includes azimuth angles of 0, 45, 90, 
135, 180, 225, 270 and 315 degrees, as represented along the circumference, and 
polar angles of 0, 20 and 60 degrees, as represented by the concentric circles. The 
outermost circle corresponds to the polar angle of 80 degrees. FIG. 2C shows an 
5 extremely limited area inside of the high 1 00 iso-contrast line indicating 
insufficient viewing angle performance. 

For increasing contrast, it is necessary to decrease the light leakage 
in the dark state as much as possible. If a sufficiently dark state cannot be 
obtained in an oblique direction, as mentioned above, the display quality will be 
10 undesirably low. 

Various methods to attain a higher contrast ratio at off axis 
incidence have been proposed. Clerc et ah suggested in U.S. Patent No. 
4,701,028 using quarter wave plates in combination with linear polarizer. Thus, 
for the normal incidence in the OFF state, the propagating light is circularly 
1 5 polarized. With the exit circular polarizer being orthogonal to the entrance one, 
the out coming light is extinguished. In off-axis case, the light becomes 
elliptically polarized with respect to the entrance polarizer. The cell thickness is 
adjusted so that the light after propagating through the cell obliquely is still 
absorbed at the exit polarizer regardless of the angle, 
y 20 Takeda et ah disclosed the multi domain vertically aligned liquid 

crystal display in European Patent EP 0 884 626 A2. Liquid crystal pixels are 
divided so that the tilt direction of liquid crystal molecule 11 in the OFF state FIG. 
1 varies from pixel to pixel. By making director field more symmetric, it gives a 
good viewing angle characteristic. However, the process of making multi-domain 
25 adds extra cost and difficulty to display manufacturing. 

The compensation film approach is another method that has been 
applied to improve the off-axis viewing characteristics. In its simplest scheme 
such as the one set forth in U.S. Patent 5,039,185, a film with negative optical 
anisotropy 30 normal to the film surface is used to compensate the-off axis 
30 birefringence, FIG. 3 A. The combination of two or more uniaxial or biaxial films 
gives a film with negative anisotropy its optical property represented by index 
ellipsoid 19. The viewing angle characteristic of this scheme is shown in FIG. 3B. 
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In comparison to FIG. 2C, the iso-contrast line 50 has been expanded to 60° and 
40° in the horizontal and vertical direction, respectively. In relative diagonal 
directions (457225°, 1357315° in azimuth angle), it extends up to 80° giving 
wider area with contrast of 50. Film's optical properties and thickness are 
controlled by the requirement that the total phase retardation is zero in any 
direction of viewing. Based on a similar idea, V. Sergan et al. (V. Sergan, P.J. 
Bos and G. D. Sharp, SID 00 Digest, pp838-841 (2000)) used crossed plates with 
in-plane phase retardation in place of a negative film. 

U.S. Patent 5,298,199 discloses a somewhat more sophisticated 
application of biaxial film for compensation. In this patent, Hirose et al. suggests 
using biaxial film with the indices of refraction satisfying n z <n y <n x , and x, y and z 
corresponding to the directions given by the coordinate system 10. The addition 
of in-plane phase retardation (n x -n y )d, where d is a film thickness, decreases the 
on-axis transmission at non-zero applied voltage for OFF state. This enables one 
to shorten the switching time between the ON and OFF states, while out of plane 
negative birefringence compensates the oblique angle phase retardation. 

Aminaka et al. suggested a compensation scheme by films 
containing liquid crystal polymers with discotic mesogen in U.S. Patent 6,08,3 12. 
The discotic compound used is a negatively birefringent material. Inside of these 
films, the direction of mesogen continuously changes. The idea is to mimic the 
director field near the surface so as to compensate the asymmetrical viewing angle 
while voltage is being applied to the cell. 

From a different perspective, Ohmuro et al. gave a combination of 
negative plate 30 and positive plate 27 with axis set on the normal direction of the 
polarizers (K. Ohmuro, S. Kataoka, T. Sasaki and Y. Koike, SID 97 Digest, pp. 
845-848, U.S. Patent 6,141,075), FIG. 4A. J. Chen etal y after careful 
examination of the above configuration, came to realize the importance of 
compensation of crossed polarizers (J. Chen et aL, SID 98 Digest, pp.3 15-3 18, 
(1998)). Crossed polarizers, when viewed from an off-normal direction, are no 
longer orthogonal to each other and this fact leads to a leakage of light. Negative 
plates 30 (optical property represented by the ellipsoid 19) with its optic axis in a 
thickness direction together with positive plates 27 with its axis parallel to the 
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polarizers' transmission axis gives superior performance. When it is applied to the 
vertically aligned cell, the contrast ratio at higher viewing angle is improved FIG. 
4B compared to FIG. 3B. The contrast line 50 covers area further toward a higher 
polar angle. The 500 contrast line extends to ± 45° and ± 20° in horizontal and 
vertical direction, respectively. 

While the above-mentioned methods have improved the viewing 
quality of liquid crystal displays, the overall viewing angle remains poorer than it 
is desirable. It is a problem to be solved to provide a compensation film for a 
vertically-aligned liquid crystal cell that improves the viewing angle characteristic 
of the display. 

SUMMARY OF THE INVENTION 

The invention provides an imaging component comprising a 
vertically aligned nematic liquid crystal cell, a polarizer, and a compensation film 
containing a positive birefingent material oriented with the optic axis tilted in a 
plane perpendicular to the liquid crystal cell face. The invention also provides an 
electronic device containing the component of the invention as well as methods 
for preparing the component of the invention. 

The invention enables an improved viewing angle characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing the operation of the vertically 
aligned liquid crystal cell imaging component. 

FIG. 2A, 2B are cross sectional views showing schematically the 
OFF and ON state of FIG. 1. FIG. 2C is a viewing angle characteristic (VAC), 
diagram showing the viewing angle characteristic of a vertically aligned liquid 
crystal display without compensation film. 

FIG. 3 A is a schematic diagram of a prior art device with negative 
birefringent film. FIG. 3B shows the VAC of a vertically aligned liquid crystal 
display with negative birefringent film. 
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giving more symmetric shape compared with FIG. 4B. Current inventors also 

found other placement of positive and negative birefringent plates such as given in 

FIG.7B and 7C have the compensating function. 

♦ 

The compensation layers of FIG. 6D contain two positive 
5 birefringent layers 56 and 58 with a different thickness disposed on the base film 
44. The film plane projection of optic axis in two layers 60 and 62 are orthogonal 
to each other. In this case, the base 44 may or may not have a negative 
birefringence in the film normal direction. FIG. 8 A, 8B and 8C illustrate the three 
examples of placement of this type of compensation film 72 with respect to the 

10 adjacent polarizer 68. In 8 A, the azimuth <J> 2 of the thicker layer 58 is equal to the 
azimuth §\ of transmission axis 70 of polarizer 68, and the azimuth of the 
thinner layer 56 is equal to 90+4)2. The thinner layer 56 is closer to the polarizers 
68 than the thicker layer 58, In 8B, azimuth (j> 2 is perpendicular to that of thinner 
layer (j>3 and polarizer's transmission axis <j)i. Azimuths <|>i and (j>3 are equal. The 

1 5 thinner layer 56 side is facing to the polarizer 70. In 8C, positive birefringent 

layer 58 is in contact with the adjacent polarizer 68. Here the azimuth (()i is parallel 
to that of the thicker layer 58 $ 2 . The azimuth (J>3 of the thinner layer 56 satisfies 
c|>3=ct>i+90 o . 

FIG. 10A through 10F show the overall schematic diagram of one 
20 embodiment according to the invention. Configuration 1 OA has one 

compensation film 74 on one side of the liquid crystal cell 14. A pair of polarizers 
12 and 18, are disposed on opposite sides of the vertically aligned liquid crystal 
cell. Their transmission axes (polarization axes) 82 and 76 are orthogonally 
crossed with respect to each other in a direction normal to the cell surface, and 
25 form a 45 degree angle with respect to the tilt direction of liquid crystal molecules 
80. For a film with one positive birefringent layer, a projection 66 of optic axis 42 
in positive birefringent layer 64 of FIG.7A and 7C correspond to the direction 
specified by 78 in FIG. 1 OA. FIG. 1 0B is a diagram for the configuration given in 
FIG.7B. The direction 78 is now perpendicular to 76. In case of a compensation 
30 film with two positive birefringent layers disposed on the base film, it is a 

projection of the optic axis 62 of thicker layer 58 in FIG. 8A, 8B and 8C that 
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correspond to 78. FIG. IOC and 10D are configuration with two compensation 
films 74 and 84. 84 has a direction 86 indicating the direction equivalent to 66 for 
single and 62 for two positive birefringent layer compensation film. The principle 
of placement is the same as the one compensation film case, FIG. 10 A and 10B. 
FIG. 10E and FIG. 10F show the vertically aligned liquid crystal cell disposed 
between the polarizer and a reflective plate, with the compensation film disposed 
between the vertically aligned cell and the polarizer. 88 is a reflective plate, such 
as mirror. One compensation film 84 is inserted between the liquid crystal cell 14 
and the polarizer 12. Also, additional plate 90 with in-plane phase retardation is 
placed. The direction 86 is paralell (FIG. 1 0E) or perpendicular (FIG. 1 OF) to 82. 

The compensation film in accordance with the present invention 
can be produced by various methods. One example is a photo- alignment method 
as it was suggested by Schadt et al (Japanese Journal of Applied Physics, Part 2 
(Letters) v 34 n 6 1995 pp.L764-767) . For example, a thin alignment layer is 
coated on the base film followed by radiation of polarized light. Liquid crystal 
monomer is then coated on the alignment layer and polymerized by further 
radiation. The tilt of optic axis in positive birefringent film depends on the 
radiation angle, thickness of anisotropic layers as well as properties of materials. 
Also, desired alignment can be obtained by mechanically rubbed surface of 
alignment layer. Other known methods employ shear orientation and the effect of 
an electric or magnetic field. 

In the following, preferable optical properties of optical 
compensation film such as thickness and optic axis tilt are given. The positive 
phase retardation from the liquid crystal cell in the OFF state AR , is 
approximately, 

AR = (n e -n 0 )d c , (1) 
where n e and n o are the extraordinary and ordinary index of refraction for liquid 
crystal. d c is the thickness of the cell. A film with - AR is needed for 

compensating the vertically aligned liquid crystal with small tilt angle and without 
an external field applied. Optimization of crossed polarizers requires combination 
of in-plane and out of plane phase retardation. In the following, the retardation of 
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Example 2 

The compensation film 48 in FIG.6C with 0 2 = 40° and 9 3 = 0° . AR a and 

AR T are 47nm and -130nm, respectively. The film is positioned as shown in 
FIG.7A with respect to the polarizer. Two compensation films are used following 
the configuration given in FIG. 10C. The VAC is given in FIG.9B in terms of an 
isocontrast plot. 

Example 3 

The compensation film 54 according to FIG.6D, where with 9j = 5° . The film is 
positioned according to FIG.8C. The base layer is optically isotropic and does not 
have phase retardation. The layer di has phase retardation of 180nm and d2 has 
70nm. Two compensation films are used following the configuration in FIG. IOC. 
The VAC is given in FIG.9D. 

The entire contents of the patents and other publications referred to in this 
specification are incorporated herein by reference. 
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Parts List 

10 xyz coordinate system 

1 ult action of liquid crystal moledes 

12 polarizer 

14 vertically aUgnedUquidc^cell 
16 voltage source 



20 cell substrate 

in *e vertical direction 

26 Hght propaganng . *r » ^ 

27 compeosationfilmw^ffl-Pl^P 

28 UgMP^artng^eobH^ iaMj7 

29 eUipsoid of index rep— o rtcal P 

- — -i r££££ - * - -" 

31 cross sectional view of the devi 

to the invention. 

32 polarizer 

33 light reflecting plate 

34 liquid crystal cell ith ^ compensation Alms according 

35 cross sectional vrew of the dev 



to the invention 

r.rr^-oe.e^on.pede.ceacco^g.o,. 

invention 
38 polarizer 

40 compensation film nTltica l properties of constituent material of 

42 index of eltipsoidrepresentingopticalprop 

positive birefringent layer 

43 optic axis 
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44 base film of compensation film 

45 liquid crystal cell 

46 optically positive birefringent layer with uniform tilt in optic axis 
48 compensation film with uniform tilt layer 46 

50 optically positive birefringent layer with varying tilt in optic axis 
52 compensation film with varying tilt layer 50 

54 compensation film with two positive birefringent layers 56 and 58 on the 
base film 44 

56 positive birefringent layer in contact with the base film 44 

58 top positive birefringent layer 

60 projection of optic axis of the layer 58 

62 projection of optic axis of the layer 56 

64 anisotropic layer with positive birefringence 

66 projection of optic axis 42 

68 polarizer 

70 direction of transmission axis of the polarizer 68 

72 compensation film with two positive birefringent layers 56 and 58 on the 

base film 44 
74 compensation film 
76 transmission axis of polarizer 18 

78 direction of in-plane phase retardation of the compensation film 74 
80 tilt direction of liquid crystal molecule 
82 transmission axis of polarizer 12 
84 compensation film 

86 direction of in-plane phase retardation of the compensation film 84 
88 reflection plate 

90 plate with in-plane retardation in the direction of 80 
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